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(S) Dressing including an indicator. 



@ A dressing having a skin or wound contacting surface is provided with an indicator means on the 
opposite surface. The indicator means is capable of sensing the condition of the skin or wound 
underlying the dressing and conveying the information to the health care professional eliminating the 
need to frequently change the dressing. 
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DRESSING INCLUDING AN INDICATOR 



The prevention and treatment of decubitus ulcers is an important aspect of health care. Patients who are 
comatose, diabetic, paraplegic or otherwise suffering from serious impairment of the neural and vascular sys- 
tems are at risk of developing these pressure sores. Once the ulcer has progressed beyond the initial indi- 
5 cations, treatment is difficult, long, and costly. 

Studies have indicated correlations between thermal characteristics of skin and potential decubiti for- 
mation. These appear to be related to both increased temperatures and decreased blood flows to potential ulcer 
forming areas in compromised patients. 

When an area of skin is compressed for a period of time the normal blood flow to the region is reduced. 
w The amount of reduction depends on the applied pressure. The reaction of the tissues is a function of the press- 
ure intensity, time of application and frequency of application. Under normal conditions, these factors produce 
a reaction of involuntary motion which tends to relieve the pressure from the affected region and redistribute 
it to another skin location. These motions occur with sufficient frequency so that no permanent tissue damage 
results. When the pressure is relieved, a hyperemic response occurs as the body seeks to compensate for the 
is oxygen deprivation and metabolite accumulation by an increased blood flow. This response normally subsides 
in a few minutes as the tissues are restored to normal function. A component of this increased blood flow is a 
change in skin temperature during the response. Studies have shown that there is a pressure and time rela- 
tionship for these events, and that the greater the applied pressure, the shorter the time interval of application 
must be if the effects are to be reversible. 

This invention in its broadest aspects relates to a dressing incorporating an indicator. The indicator conveys 
to the health care professional information about the condition of the patient's skin or wound beneath the dress- 
ing. The indicator eliminates the need for removing the dressing and having the health care professional perform 
a visual or other examination of the skin or wound. As a result, decisions about the course of treatment can be 
made in a faster and more cost effective manner. 

Preferred aspects of the invention are hereinafter set forth in the claims and described in the following des- 
cription. 

Particular reference will be made to the drawings which demonstrate preferred embodiments of the inven- 
tion and in which :- 

r Figure 1 is a top view of an encapsulated temperature sensitive liquid crystal tape ; 
Figure 2 is a side view of the tape shown in figure 1 in enlarged detail ; 

Figure 3 is a top view of a dressing incorporating the tape shown in figures 1 and 2 as an indicator 
means ; 

Figure 4 is a side view of the dressing of figure 3 in enlarged detail ; 

Figure 5 is a side view similar to figure 4 of another dressing having an intermediate foam layer and 
also employing the tape shown in figures 1 and 2 as an indicator means ; and 

Figure 6 is a perspective view showing the application of the temperature sensitive liquid crystal tape to 
a dressing which had been trimmed to fit onto the patient 

This invention is directed to dressing type products having one surface which contacts the skin or overlies 
a wound and an indicator incorporated within or at another surface of the dressing. The indicator conveys infor- 
mation to the health care professional about the condition of the underlying skin or wound. 

The dressing can be any of a number of different types constructed from various materials. Examples 
include gauze pads having a number of plys, non-adhesive gel type dressings such as the polyethylene oxide 
hydrogef cfeclosed by Keusch et al. in U.S. Patent 4,684,558, adhesive gel-type products such as Elastogel, 
fluid interactive hydrocolloid dressings capable of adhering to both dry and moist skin surfaces such as those 
described by Chen in U.S. 3,339,546, by Chen et al. in U.S. Patent 4, 192,785, by PaweichaketaL in U.S. Patent 
4,393,080, and by Doyle et al. in U.S. Patent 4,551 ,490, and such hydrocolloid dressings including a polymeric 
foam layer for added flexibility and cushioning as described by Chen in U. S. Patent 3,972,328 and by Pawel- 
chak et al. in U. S. Patent 4,538,603. The important criterion is that the dressing utilized transfers to the indicator 
information about the underlying skin or wound in an accurate and consistent manner. 

The indicator is a means or substance that can inform the health care professional about the condition 
underlying the dressing e.g. visually. Examples of indicators that can be employed include pH sensitive solu- 
tions or papers which change color over a predetermined pH range and thus would show a change in the wound 
milieu by a change in color. Such solutions include bromcresoi green at a pH range of 4.0 to 5.6, chlorphenol 
red at a pH of 5.2 to 6.8, bromthymol blue at a pH range of 6.0 to 7.6, phenyl red at a pH range of 6.8 to 8.4, 
and thymol blue at a pH range of 8.0 to 9.6, and such papers include universal and intermediate test papers 
sold under the tradenames ColorpHast® (available from EM) and pH Hydrion Papers® (available from Hydrion) 
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and llthmus paper. Microbiological reagents that change color in the presence of certain microorganisms could 
be incorporated into the dressing to show a change in wound milieu by a change in color. Such microbiological 
reagents include an oxidase disc which undergoes pink-red-black color change as a positive indication of genus 
Neisseria bacteria available from Raven Biological (B1070), an indole reagent used to differentiate organisms 

5 that produce the enzyme tryptophanase which reacts with the amino acid tryptophane to produce indole avail- 
able from Marion Scientific (261 1 85), ferric chloride reagent which differentiates organisms capable of deami- 
nation of the amino acid phenylalanine available from Marion Scientific (261190), and nitrocefin reagent disc 
which is a sensitive beta-iactamase detector which produces a yellow-to-red color change available from BBL 
(Cefinase™ Reagent Disc 31 626). Moisture indicators such as cobalt chloride which changes from blue to pink 

10 in the presence of moisture and from pink to blue when dry and could be incorporated into the dressing to show 
a change in the wound milieu by a change in color. A conducting indicator such as an electro-chemical cell 
that becomes activated by moisture could be incorporated into the dressing to show a change in the wound 
milieu by a signal such as light or sound. Pressure indicators such as piezoelectric or piezoresistive elements 
could be incorporated into the dressing to signal pressure changes to which the dressing and underlying 

15 wounds are subjected. 

The preferred indicator for incorporating within the dressing are a series of temperature sensitive, color 
responsive encapsulated liquid crystals. Such encapsulated liquid crystals are commercially available in the 
form of a tape having a pressure sensitive adhesive coated on one side. Suitable tapes are commercially avail- 
able. For example, those available from Seven C's Incorporated under their trademark E-Z Temp®, from Davis 

20 Liquid Crystals, Inc. and from Eurand America, Inc. undertheir trademark Chameleon are suitable. These tem- 
perature sensing tapes have been applied directed to the forehead to measure temperature or have been 
applied to a flexible backing web for this purpose as shown by Flam in U.S. Patent 3,661,142. 

In the preferred embodiment of this invention as shown in the figures, the encapsulated temperature sen- 
sitive liquid crystals are employed as a tape having a plurality of boxes with accompanying indicia in form of 

25 numerals and/or letters. The tape 1 1 as shown in Figure 1 consists of an array of 15 boxes where each box 
would represent the following temperature : 



Box Temperature Legend (°C) . 

30 





■ 1 


29° 




2 


30° 


35 


3 


31° 




4 


31.5° 




5 


32 




6 


32 .5 


40 


7 


33 




8 


33 .5 




9 


34 


45 


A 


34.5 




B 


35 




C 


35.5 




D 


36 


SO 


E 


37 




M 


38 



Of course, a tape can be employed with more or less than the 15 boxes shown and the rectangular boxes can 
55 be replaced by circles or other geometric patterns. 

The encapsulated temperature sensitive liquid crystal tape 1 1 as best shown in figure 2 consists of the liquid 
crystal substrate layer 25, a pressure sensitive acrylic type adhesive layer 24, an outer protective polymeric 
layer 26 of polyethylene terephthalate or other suitable material, and a release liner 23 such as silicone coated 
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paper on the exposed surface of adhesive layer 24. Substrate layer 25 is visible through protective layer 26 as 
a black background with white indicia. When the temperature being sensed equals oris greater than the tem- 
perature range of one or more boxes, those boxes appear colored with green or blue green as the most prom- 
inent color. When the temperature being sensed is below that of a particular box, that box will not be visible 
5 against the black background. Similarly, when the temperature being sensed is substantially greater than the 
range of a particular box, that box will no longer be visible against the black background. Of course, other color 
schemes can be employed. 

Tape 1 1 with release liner 23 removed is typically about 1 to 15 mils in thickness. Tape 11 is adhered by 
means of ad hesive layer 24 to the top surface of a dressing. As shown in figures 3 and 4, dressing 31 preferably 
10 consists of afluid interactive hydrocolloid containing adhesive layer 32 and a backing film 34. As shown in figure 
5, dressing 31 can indude a layer of polymeric foam 33 between adhesive layer 32 and backing film 34. The 
surface of foam layer 33 which contacts fluid interactive hydrocolloid adhesive layer 32 can be coated with a 
pressure sensitive adhesive to increase the strength of the bond. Of course, the bottom of adhesive layer 32 
would be covered with release paper prior to use. 
is Adhesive layer 32 is formulated by blending one or more water soluble or water swellable hydrocolloids 

with an elastomeric substance. Suitable hydrocolloids include sodium carboxymethylcellulose, pectin, gelatin, 
guar gum, locust bean gum, gum karaya, and mixtures thereof. Suitable elastomeric substances include 
polyisobutylene, mixtures of polyisobutyienes, or mixtures of one or more polyisobutylenes and one or more 
non-acrylic elastomers such as butyl rubber and styrene radial or block copolymers such as styrene-butadiene- 
20 styrene (S-B-S) and styrene-tsoprene-styrene (S-l-S) block type copolymers. Other materials can be included 
within the fluid interactive hydrocolloid adhesive layer such as mineral oil, tackifiers, antioxidants, cohesive 
strengthening agents such as water-insoluble cross-linked sodium carboxymethylcellulose and water-insoluble 
cross-linked dextran, and pharmaceutical^ active materials such as antibiotics, antiseptics, antiinflammatory 
agents, or materials having wound healing or skin soothing properties. 
25 The dressings shown in figures 3 to 5 are suitable for use on intact skin which may be susceptible to decubi- 

tus ulcer formation or over already formed and exudating ulcers. For example, a 10 mil. thick version of the 
dressing shown in figures 3 and 4 would be suitable for use in a prophylactic manner on a patient who does 
not exhibit signs of ulcer formation but who because of illness and/or lack of mobility is considered to be at 
risk. The indicator permits the health care professional to monitor the condition of the patient's skin. An increase 
30 in temperature noted, for example, by a shift from box number 4 to box number 9 or one of the letter boxes 
would signal that a change in treatment is needed. This could alert the health care professional to the need to 
increase blood circulation such as by massage, shifting the position of the patient more often, the use of a wa- 
ter-bed or other pressure distributing support system, or perhaps replacing the 10 mil. thick dressing with a 
thicker version such as 20 mil. or employing the more cushioned foam type dressing as shown in figure 5. 

Monitoring changes in temperature beneath the dressing can also be useful in determining the stage of an 
underlying pressure sore. An increase in temperature is indicative of a shift from stage I (skin is red) to a stage 
II (skin is blistered) or stage II! (skin is broken) condition. By being aware of such a shift, the health care pro- 
fessional is able to administer appropriate treatment 

Analogously, the indicator dressing of this invention can be employed to measure healing of a pressure 
sore. In this instance, the patient may be started with the thicker foam containing dressing of figure 5 and then 
by monitoring the healing the patient would be shifted to the thinner dressings of figures 3 and 4. 

Monitoring changes in temperature by means of the dressing and indicator device of this invention conveys 
other useful information such as the presence of infection associated with an increase in temperature or the 
presence of necrosis associated with a decrease in temperature. Again, the health care professional would be 
alerted to take appropriate medical procedures such as administering antibiotics if infection is confirmed or 
employing debriding agents to remove necrotic tissue. Other applications for the dressing and indicator device 
includes monitoring the hydration and/or dehydration level of the dressing and/or underlying wound since the 
temperature reading changes as a function of the thermal conductivity of the dressing. 

The indicator can be attached directly to the top surface of the dressing during the manufacturing step. 
so Preferably, the dressing and indicator are packaged separately until use. This is a particularly desired case 
where the indicator measures temperature and the dressing is subjected to sterilization. As shown in figure 6, 
the health care professional is able to trim the dressing to the desired size and then remove release liner 23 
from indicator tape 11 and adhere tape 11 to backing film 34 so as to be positioned directly over the area of 
the patient's body to be monitored. 
55 The following examples are illustrative of the invention. 

Example 1 
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A wound dressing was prepared as follows : 
An adhesive layer was prepared consisting of 

Ingredient Weight Percent 
Polyisobutylene 

(Vistanex© LM-MH) 8.0 

Butyl rubber (065) 16-25 
w Styrene-isoprene-styrene . 

block copolymer (Kraton® 1107) 6.0 

Tackifier (Pentalyn® E) 12-75 

Mineral Oil 11.5 

15 Pectin 15.0 

Gelatin 15.0 

Sodium carboxymethylcellulose 15.0 

20 Antioxidant (Irganox® 1010) 0.5 

The hydrocolloid containing adhesive composition of the above formula was compounded by first forming 
a preblend of the polyisobutylene, butyl rubber, styrene-isoprene-styrene block copolymer, and antioxidant in 
a Sigma blade kneader extruder while heating the mass at about 1 50-155°C. The mineral oil was then added 
25 with continued agitation followed by the addition of the tackifier, temperature during this step was kept at about 
120°C. Finally, the gelatin, pectin, and carboxymethyl-cellulose were added as powders while the mass was 
mixed and cooled. The resulting homogeneous mass was extruded to a thickness of about 10 mils, and a 1 
mil. backing film of a polyether polyurethane was applied to one surface and a sheet of silicone coated release 
paper to the other surface. 

30 The resulting dressing was die cut to a desired shape such as a 4 by 4 inch square, packaged, and steri- 

lized. 

A liquid crystal patch having a plurality of boxes capable of sensing temperatures from 29°C to 38°C coated 
with a layer of pressure sensitive adhesive was packaged in a carton with the sterilized dressing. Such liquid 
crystal patches are commercially available from Seven C's Incorporated. 
35 Prior to use, the dressing is removed from the package and trimmed to the desired shape. Release liner 

23 is removed and tape 11 is secured to dressing by pressing adhesive layer 24 onto backing film 34. 

Example 2 

40 A wound dressing was prepared as described in Example 1 except the adhesive mass was extruded to a 

thickness of about 20 mBs. 

Example 3 

45 A temperature sensing wound dressing of the construction shown in figure 5 was prepared. The dressing 

includes a hydrocolloid containing adhesive mass of the formula described in Example 1 extruded to a thickness 
of about 50 mils. The foam layer employed was an open cell polyurethane foam, polyester type, of about 60 
mils thickness having a polyurethane skin on one surface and a pressure sensitive acrylic adhesive on the other 
surface. The pressure sensitive acrylic adhesive was pressed into contact with the fluid interactive hydrocolloid 

so containing adhesive layer. At the time of use, a liquid crystal temperature indicator was secured to the top sur- 
face of the wound dressing. 

Example 4 

55 The following in vitro experiment was performed to compare temperature measurements on a heated sur- 

face measured through the dressing-type of Examples 1 to 3 with the temperature sensing tape applied directly 
to the surface. 

A heated surface was covered with a 1/2 inch thick aluminium plate which in turn was covered with a 1 
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inch thick aluminium plate. Surface temperature of the top piate was measured with a calibrated Thermistor 
probe. Four samples of each of the dressings of Examples 1 to 3 with the liquid crystal tape applied to top sur- 
face were located across the 1 inch thick plate along with four samples of the liquid crystal tape applied directly 
by its adhesive layer 24. 

5 The indicators were read and the corresponding temperatures were recorded, if one box was visible its 

corresponding temperature was recorded, If two boxes were visible then the average temperature was recor- 
ded. 

The temperature of the aluminium plate was increased and after equilibration the indicators were again 
read. This was repeated until the maximum temperatures of the indicators was reached. 
10 The following table lists the average of the temperature displayed by the four samples and includes the 

calculated standard deviation in parenthesis at each measurement. 
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As will be seen, the readings made by the tape on top of the 10 mil and 20 mil dressing of Examples 1 and 
2 were essentially identical to the readings made by the tape itsetf. The readings on top of the thicker dressing 
of Example 3 were offset in linear manner and still showed little standard derivation. 

Thus, all three dressings with the indicator tape would convey in an accurate manner to the health care 
professional changes in temperature in the skin or a wound beneath each of the dressings. 



Claims 

1. A medical device comprising a dressing having a skin or wound contacting adhesive layer comprising one 
or more water soluble or swellable fluid interactive hydrocoiloids dispersed in an elastomeric substance, 
a backing film layer coextensive with said skin or wound contacting adhesive layer, and an indicator means 
comprising a temperature sensing liquid crystal tape affixed to at least a portion ofthe surface of said back- 
ing film layer opposite the skin or wound contacting contacting adhesive layer whereby when in use on the 
body information concerning the condition ofthe skin or wound beneath the dressing is available without 
the need of removing the dressing. 

2. The device of Claim 1 wherein said water soluble or swellable hydrocoiloids are selected from the group 
consisting of sodium carboxymethylcellulose, pectin, gelatin, guar gum, locust bean gum, gum karaya, and 
mixtures thereof, and said elastomeric substance is selected from the group consisting of polyisobutylene, 
mixtures of polyisobutylenes, and mixtures of one or more polyisobutylenes and one or more elastomers 
selected from the group consisting of butyl rubber and styrene radial or block copolymers. 

3. The device of Claim 2 wherein said fluid interactive hydrocolloid containing adhesive layer comprises on 
a weight percentage basis about 8% poiyisobutylene, about 16:25% butyl rubber, about 6% styrene-isop- 
rene-styrene block copolymer, about 12*75% tacldfier, about 11.5% mineral oil, about 15% sodium car- 
boxymethylcellulose, about 15% pectin, about 15% gelatin, and about 0.5% antioxidant 

4. The device of Claim 3 wherein said dressing backing layer is affixed directly to said fluid interactive hyd- 
rocolloid containing adhesive layer and is a polyether polyurethane film. 

5. The device of Claim 4 wherein said fluid interactive hydrocolloid containing adhesive layer is about 10 mils 
thick, said backing film is about 1 mils thick, and said temperature sensing liquid crystal tape is about 1 to 
15 mils thick. 

6. The device of Claim 4 wherein said fluid interactive hydrocolloid containing adhesive layer is about 20 mils 
thick, said backing film is about 1 mils thick, and said temperature sensing liquid crystal tape is about 1 to 
15 mils thick. 

7. The device of Claim 3 wherein one surface of a polymeric foam layer is affixed to said fluid interactive hyd- 
rocolloid containing adhesive layer, said foam layer having a skin or backing layer on its opposite surface. 

8. The device of Claim 7 wherein said fluid interactive hydrocolloid containing adhesive layer is about 50 mils 
thick, said polymeric foam is an open cell polyester polyurethane foam of about 60 mils thick having a 
polyurethane skin, and said temperature sensing liquid crystal tape is attached to said polyurethane skin 
and is about 1 to 15 mils thick. 

9. The method of monitoring a patient to ascertain the susceptibility of the patient to formation of a decubitus 
ulcer which comprises 

a) covering that portion of the patient's body with a dressing having a skin contacting adhesive layer 
comprising one or more water soluble or swellable hydrocoiloids dispersed in a elastomeric substance 
and a backing film layer, 

b) locating a temperature sensing liquid crystal tape having a plurality of indica representative of diffe- 
rent ranges of temperature onto the backing film of said dressing, and 

c) observing the indica and noting changes in temperature over a period of time. 

10. The method of monitoring a wound under a wound dressing to ascertain the rate of healing and presence 
of infection or necrosis without the need for removal ofthe dressing which comprises : 
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a) covering the wound with a dressing having a skin contacting adhesive layer comprising one or more 
water soiuble or swellable hydrocolloids dispersed in a elastomeric substance and a backing film layer, 

b) locating a temperature sensing liquid crystal tape having a plurality of indica representative of diffe- 
rent ranges of temperature onto the backing film of said dressing, and 

5 (c) observing the indica and noting changes in temperature over a period of time. 

11. The method of monitoring the degree of hydration of a wound under a wound dressing or the degree of 
hydration of the wound dressing itself without the need.for removal of the dressing which comprises : 

a) covering the wound with a dressing having a skin contacting adhesive layer comprising one or more 
10 water soluble or swellable hydrocolloids dispersed in a elastomeric substance and a backing film layer, 

b) 'locating a temperature sensing liquid crystal tape having a plurality of indica representative of diffe- 
rent ranges of temperature onto the backing film of said dressing, and 

c) observing the idica and noting changes in temperature over a period of time. 
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